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Sutgvjeci: ' TSO-C69b, EMERGENCY EVACUATION SLIDES, RAMPS, AND SLIDE/RAFT

COMBINATTIONS

(a) Applicability.

. (1) Minimum Performance Standards. This Technical Standard
Order (TSO) prescribes the minimom performance standards that emergency
evacuatlon slides, ramps, and slide/raft combinations must meet to be
1dent1f1ed with the applicable TSO marking. This TSO has been prepared in
accordahce with the procedural rules set forth in Subpart O of the Federal
Av1at10n Requlations Part 21. New models of emergency evacuation slides,
ramps and slide/raft combinations that are to be so identified and that
are manufactured on or after the effective date of this TSO must meet the
stdndards set forth in Appendix 1, "Federal Aviation Administration
Standards for Emergency EvacuatJ.on Slides, Ramps, and Slide/Raft
Ccmblnatlons ," and Appendix 2, "Radiant Heat Testing of Material in
Inflatable Emergency Evacuation Slides, Ramps, and Sllde/Raft Carbinations"
of ttﬂls !'ISO.

| é

| (2) Envirommental Standard. None.

| :

i ! (3) Test Methods. This TSO references Federal Test Method
Standard No. 191A dated 7/20/78.

, (b) Marking. In addition to the marking required in Fec'ieral Aviation
Regulatjons (FAR) § 21.607(d) (14 CFR 21.607), an emergency evacuation
sllde, ramp, or slide/raft combination must be marked with the part number,
serlal -rumber and date of mamufacture; and for a slide/raft cambination,
raﬂed and overload capacities and weight must be shown. The weight of the

‘ sllde/raft combination includes any accessories required in this TSO.

i
| i
i . H
! ;
g j
i

‘nis’rRIB@r‘rrdﬁﬂ WG8-326 ;A-W(WS)-3;A-X(CD)-4; A-FFS-1,2,7,8(LTD) ;A-X(FS)-3;

AVN-1"(2cys) ; A-FAC-0(MAX)

Washington, D.C. Date s/17/88

IR A




Tvre note o B mel

TS0-C69b ' 8/17/88

!

T — -

: i

(¢) Data Requirements. In accordance with FAR § 21.605, (14 CFR
21.605), each mamifacturer shall furnish the manager, aircraft
certification office (ACO), Federal Aviation Administration, having
geographlcal parview of the mamfacturer's facilities, one copy each of the
followmg techmcal data:

(21) Cperating instructions.
(2) Packing instructions.

(3) A complete description of the device, including detailed
drawmgs, materials identification and specifications, and installation
procedures.,

: I 1
‘ | (:4) Manufacturer's TSO qualification test report.

(5) Applicable installation limitations, including stowage area

temperatures. The marufacturer shall also provide the purchaser with such
lumtatlons

‘ ‘ {;6) Maintenance instructions, including instructions regarding
inspection ,3 repair, and stowage of materials.

{7) The functional test specification to be used to test each
productlon artlcle to ensure compliance with this TSO.

: (a) Prev1ously Approved Equipment. Pursuant to FAR Section 21.621,
each TSO-C69 authorization, to the extent it authorizes the holder to
identify or mark emergency evacuation slides with TSO-C69, is withdrawn for
1nflatable emergency evacuation devices which do not comply with Appendix 2
of either TSO-C6%9a or TSO-C69b.

| (e) Availability of Referenced Documents.
; (1) Appendix 1, "Federal Aviation Administration Standards for

Bmergency Bvacuation Slides, Ramps, and Slide/Raft Combinations,” of this
'I’SO spec:1f1es certain test methods that are ocontained in Federal Test
Method Standard No. 191A unless otherwise noted. Federal Test Method
Standard No. 191A may be examined at the FARA Headquarters in the Aircraft
Certlflcatlon Service, Aircraft Engineering Division (AIR-120), and at all
aircraft certification offices, and may be cbtained (or purchased) from the
Glenera_l Services Administration, Business Service Center, Region 3, 7th and
D Stre!ets, iSW., Washington, DC 20407.
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'Clrcular 120~ 110 Index of Aviation Technical Standard Orders may be
rev1ewed lat the FAA headquarters in the Aircraft Certification Service,
Alrcfaft ‘Engineering Division (AIR-120), and at all regional aircraft
‘certhlcatlon ‘offices. .
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Appendix 1

APPENDIX 1. FEDERAL AVIATION ADMINISTRATION STANDARD FOR EMERGENCY
i : EVACUATION SLIDES, RAMPS, AND SLIDE/RAFT COMBINATIONS

:Part I: Inflatable Emergency Evacuation Slides and Overwing Exit Ramps

1. Purpose. , Part I of this standard provides the minimum performance
standards for 1nflatable emergency evacuation slides and overwing exit
rampSI (Note° FAR Part 25 contains additional requirements pertaining to
41nflatab1e emergency evacuation devices as installed on the aircraft which
may be taken 1nto consideration along with the requirements in this TSO.)

2. ScoEe Part I of this standard provides for the following three types
of devices: (a) inflatable evacuation slide devices suitable for assisting
occupants in descendlng to the ground from floor-level aircraft exits and
fram alrcraft wings, (b) inflatable emergency exit ramp devices suitable
for a351st1ng occupants in descending to aircraft wings from certain
overwing exits, and (c) cambination 1nflatab1e emergency exit ramp and
wmg—-to—ground slide devices.

3. Material and Workmanshlp.

3.1 Nomdetallic Materials.

‘ 3.1. l The finished device must be clean and free from any
defects that nught affect its function.

. 3 1. 2 Coated fabrics and other items, such as webbing, subject
to dei:enorat:,on must have been mamifactured not more than 18 months prior
to the date of: delivery of the finished product.

: 3.1.‘3 The materials must not support fungus growth.

| 3.1.4 Coated fabrics — General. Coated fabrics, including

seams! 7 subject to deterioration used in the mamfacture of the devices must

posseSs at least 90 percent of their original physical prOpertles after

these| fabrlcsainave been subjected to the acoelerated ageing test specified

lin paragraph 5 (Part I) of this standard.

| ! } ; 3.1.4.1 Strength. Coated fabrics used for these

applibations m'ust conform to the following minimum strengths after ageing:
: ;

Tens:Lle Strength {Grab Test)

Warp 190 pound%/mch

Flll 190 pounds/mch

Frg Tyvoing

._,;r.zs'Leg,“-r.H-*Tear Strehgth *(Trapezo;.d Test or Tongue Test)
Surfaces Iexcept walking/sliding surface: 13 X 13 pounds/inch (minimum)
: Wa_lk‘mg/Shdlng surface: 50 X 50 pounds/inch (minimum)

t’uncture Strength - Walking/Sliding surface.
: 67 pounds| force

Type th ang ihe chapier number on op line, Type "Fage” and page
P Twpe Bac and peraqranh number on next fine, number on hpe below
. . e )
1
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? ; : 3.1.4.2 Badhesion. In addition to the requirements of |

3. l 4, 1 coated fabrics must meet the following minimum strengths after |
agEmg :

Ply Adhesmn -

5 pounds/lnq_h width at 70 + 2 degrees F at a pull of 2.0 to 2.5
inthes/ininutle

Coat Adhe510n - !
) pounds/lnch width at 70 + 2 degrees F at 2.0 to 2.5 inches/minute

E

! i 3.1.4.3 Permeability. PFor coated fabrics used in the i
rrapufacture iof inflation chambers, the maximum permeability to helium
(Permeablllty Test Method) may not exceed 10 liters per square meter in 24 5
holrs a‘t 77 degrees F, or its equivalent using hydrogen. The permeameter
must be callbrated for the gas used. In lieu of this permeability test, an |
alternate test may be used provided the alternate test has been approved as
an equlvalent to this permeability test by the manager of the FAA office to
which this TSO data is to be submitted, as required in Paragraph (c), Data
Requu:ements

l

, 3.1.4.4 Hydrolysis. Pressure holding ooated fabrics, i
mcludmg seéams, must be shown to be resistant to hydrolysis, as follows. :
It must be shown by tests 5pe<:1f1ed in 5.0 that the porosity of the basic
pressure holdmg material is not increased as a result of the material
being subjected to hydrolysis conditionirg. Seam strength and coat !
adhesmn mugt not be reduced more than 20% and still not fall below the
ml'nmums prescrlbed in paragraphs 3.1.4.2 and 3.1.5 as a result of
hydroly51s eondltlonmg.

3. l 5 8eam Strength and Adhesives. Ceamented or heat sealable
seams used 1n the mamfacture of the device must meet the following minimum
1 ength requ:.rements.
| 1
Shear Strength (Seam Shear Test Method) - 175 pounds/inch width at
75 degrees F
40 pounds/lnch width at 140 degrees F

Peel St;rength (Peel Test Method) -
5 pounds/inch width at 70 degrees F

' 3/1.6 Seam Tape. If tape is used for seam reinforcement or
abrasuon protectlon of seams or both, the tape must have minimum breaking
strength (Grab Test Method) of 40 pounds/inch width in both the warp and
fill dlrectlons. When applied to the seam area, the adhesion strength
characterlstlcs must meet the seam strength requirements in paragraph

b
s

Five Typing
3.1.5. 7 f T Lines teft
i 3 1 7 Flammability. The device (including carrying case or
stowage c:ontalne_r) must be constructed of materials which meet paragraph
(b) of tFAR §E 25.853 (14 CFR 25.853) in effect on May 1, 1972,
I 1
Type 'Fage” and page T\pe Criap” and the chaples number an iop fne.
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; 1 ! .
‘s 3 f2 Metallic Parts. All metallic parts must be made of

corrosion-resistant material or must be suitably protected against
corrosion. |
i |

L3, 3 Protectlon All inflation chambers and load carrying fabrics
must be protected in such a manner that nonfabric parts do not cause

chaflngl or abras.lon of the material in either the packed or the inflated
condltlf)n !

i

4. | De's.lgn and Construction.

4. l gﬁgatlon The operation of the device must be snnple enough so
that brlef ea51ly understood, posted instructions can be followed by the

4. 2 Functlon. The device, including its inflation system, must be
capabla of functioning when subjected to temperatures fram -40 degrees F to
+160 degrees F. 1In addition, if the device is intended for installation
outs:.de‘ the pressurlzed cabin, the device must be capable of being stowed
at 65 degrees F without damage.

P4, 3 Strenggh The device, installed at its critical angle, may not
collapse when loaded to its maximum capacity as determined by a test in
which a! suff1c1ent number of adult (170 pounds or more) evacuees crowd
cloSely| in line at the top of each lane of the device and jump into the
device in mipld succession at a rate not less than one evacuee per second
peri lane. It must demonstrate the means used to connect the device to the
alrcraf#: Wlll not fail when the device is operated at low angles (fram
horizontal) and at maximum evacuee loadmg corditions (including
asymmetrlcal loading) expected in service. Unless a rational loads
ana1y51s is brov1ded which substantiates a different loading condition, and
is apprbved by the manager of the FAA office to which this TSO data is to
ba iSub ttedf as required in paragraph (c), Data Requirements, the angles
and| loa selected may not be greater than 30 degrees and less than 1,050
pouhds per lf;me, respectively. If the device is equipped with outrigger
pont'r.ooné additional test loads must be applied to account for asymmetrical
loads whlch would result from evacuees inadvertently entering the pontoon
areas dhnng an emergency evacuation., For demonstration parposes, sand
bagé may be used.

i }

: 4.| Elimination of Static. The device and its fastening must be so
constructed that static electricity will not be generated in sufficient
quantlty to cause a spark whlc:h would create a hazard if there is any fuel
spﬂlagé nearby.

| 4.5 Damage Resistance and Usage.

i 4.5.1 The device must be capable of resisting puncture and tear
of the sliding and walking surfaces and supporting structure from cbjects
norﬁall)}' carried or worn by passengers that ocould result in collapse of the
device, prevent the device fram performing its intended function, or both.

1
"Chap and the chapter number on lop line, Type "Page” and page
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% o 4l5.2 A slide device must be so constructed as to permit its use
as a nomnflatable slide in the event of puncture or tear which may render
the sllde 1ncapable of inflation.

! 4 5.3 If the device is of a multiple-inflatable ocampartment

constrnctlon loss of any one of these compartments must not render the
dev:rce totally unusable .
| | '

1l6

Length.

The slide device must be of such length after full

deployment
sa:Ee evacua1
ground iwith
legs oﬁ the

that the lower end is self-supporting on the ground and provides
ion of occupants to the ground when the aircraft is on the

the landing gear extended and after collapse of one or more
landing gear.

H
H

Y Ellmmatlon of Encumbrances. Encumbrances which might be grabbed
by evacl:uees=must be kept to a minimum consistent with good design for
max1mum operatlonal efficiency.

H

4i 8 Hardware and Attaching Means Strength. All hardware and all

. other d:onneCtlng means (incloding webbing and straps) used in attaching the
dev1ce {to the aircraft and all straps, grips, and handhold members not
assoc1ated with aircraft attachments must have strength not less than 1.5
times the highest design load imposed in showing compliance with the
strength reqm.rements of paragraph 4.3 (Part I).

419 Use as Re—entry Device. If the device is designed with
additional prov.lsmns for use as a means of re-entering the aircraft, these
aéildltlonal prov1srons must not interfere with the use of the device for
e\{acuaﬁlon.:

§ 4:10 Use as a Flotation Device. Evacuation devices installed at main
deck floor level exits, other than wing-to-ground, fillet mounted, tail
oone, or ventral slides, and or aircraft not equipped with sllde/rafts
shal_'l ﬁe desugned to have positive buoyancy when extended and shall have a
means to reedlly disconnect the device from the aircraft so that it can be
used as an emergency flotation device. The method of disconnecting the
device [fram the aircraft shall be conspicuously and clearly indicated by
brlef rnstructlon placards. Disconnect means must be readily apparent,
capable of being operated by untrained persons, and covered until ready for
use., In adc?iltlon, a mooring line shall be provided in such a manner that
the device shall automatically remain secured to the aircraft when it is
used as an emergency flotation platform and not erndanger the device or
cause the dev1ce to sp111 occupants if the aircraft sinks. The mooring
11ne shall have a minimum length of 20 feet and have knotted breaking
strength of 'not less than 500 lbs. The attachment to the evacuation device
shall be stronger than the mooring line. The mooring line shall not
1nterfere with operation of the device. It shall be possible to release
the moored de\uoe from the aircraft quickly and easily after disconnecting
the de\!uce fram the aircraft. The release means shall be readily apparent
and shall be capable of operation by untrained evacuees. In addition to

3
i
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the moorlng llne, the device shall provide a 3/8-in diameter or 3/4-in
mdth llfelme of contrasting color along the length of the device on both
bldes for 80 percent of its length provided that the lifeline installation
does not adversely compromise slide mode performance The lifeline shall
be capable of bemg easily grasped by persons in the water. The lifeline
and 1ts attacl'rnents must be capable of withstanding a minimum load of 500
lbs and must mot interfere with the device inflation.

4 lla Evacuatlon Rate. The device must be capable, when dry, of
handllng evacuees at a rate of at least 60 adults per mimute per lane at
representatlve sill helghts for a duration of at least 70 seconds.

4 12 Deglom . (NOTE: FAR § 25.809 (14 CFR 25.809) contains
requlrements pertamlng to deployment and erection characteristics of the
dev:Lce asi insthlled on the aircraft which may be taken into consideration
along Wlth the requirements in this TS0.)

!

4 13 Inf;latmn .

f ‘ 4, 13 1 An automatically inflatable device shall be designed to
prevent its belng inflated out of proper sequence so as to create an unsafe
usage condition.

f .4.13.2 2n automatically inflatable ‘device must have a manual
means: for: actuating inflation. The marual inflation actuating means must
be nelther visible nor presented for use until the device has been
deployed

! 4 14 Inflatlon Time. Except for w1ng—to—ground slides, the device
must be autonatlcally erected in 6 seconds after actuation of inflation
oontrols is begun. The wing-to—ground slide, or wing-to-ground portion of
a r/sllde canbination, must be erected in not more than 10 seconds after

actuatlon of the inflation controls.
|

4.15 Extéandlble Length Slides

5 4. lfi 1 The extension of an extendible length slide must be
<~apable of belhg inflated at any time after inflation of the basic slide
has been initiated.

P4, 15 2 Inflation of the extension of an extendible length slide
must be 1m1t1ated by separate controls from those for the basic slide.

1 S

E ; 4.15.3 The junction of the basic slide and the extension of an
extendlble length slide must not impede evacuation.

! !

1

| 4.16 Manial Inflation Actuation Controls.

i 4.16.1 1Inflation actuation controls must be red in color with
1;;he word Ypull" {(or appropriate instruction) in letters at least 1/2-inch
high and of a color contrasting with their immediate background.

Type Chap and (he chapter number o 1op hine. Type Page” and page
| Type "Bar and paragraph number an next hng number on ke below.
;
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! E 4.16.2 When the inflation actuation controls are éxposed Tor
use, they mist be visible to an aircraft occupant, standing at the door
sill, under 'the minimum emergency lighting conditions specified in FAR

§ 25.812 (14 CFR 25.812) in effect on May 1, 1972.

; 4.16.3 Where practical, inflation actuation controls must be on
. the right side of the girt as seen by an aircraft occupant looking out of
¢ the aircraft door .

! 4.16.4 Inflation actuation controls must be so designed that
' the maximum required pulling force will not pull the deployed device back
! into the doorway. The pulling force required must not exceed 30 pounds.

; ?.16.5 Cable-type inflation actuation controls must be
constricted so they cannot trip or entangle evacuees.

4;17 Inflation System. The evacuation device and its inflation
system must’ be connected and ready for instant use. Components of the
inflation system must meet Department of Transportation Specification 3AA
{49 CFR 178.37) or Specification 3HT (49 CFR 178.44) in effect May 30,
1976, as applicable, or an equivalent approved by the manager of the FAA
office, to which this TSO data is to be submitted, as required in paragraph
(c), Data Requirements. The inflation system must be constructed to
minimize leéakage due to back pressure after inflation. If an air aspirator
system is used, the system must be oonstructed either to prevent the
ingestion of foreign objects or to prevent failure or malfunction as a
result of ingestion of small foreign objects.

4.18 Double Iane Slides.

4.18.1 A double lane slide must provide space for evacuees
s1liding two abreast. Each sliding surface, if separated by a raised
divider, must be at least 20 inches wide. The oombined width of two
sliding surfaces not separated by a raised divider must be at least 42
inches. The width of a dual lane slide with no raised lane divider must be
gufficent to enable evacuees to jump side-by-side into the slide and reach
the ground safely. '

. 4.18.2 A double lane slide must resist adverse twisting or
deflecting when subjected to maximum unsymnetrical loading determined from .
the evacuation rate prescribed in paragraph 4.11 (pPart I) of this standard. i

- @.18.3 A raised divider or center median must be constructed so i
as to prevent injury to evacuees and not to throw from the slide evacuees |
who jumped into the slide astraddle or partly astraddle the divider or |
|
i
- SR |
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4.19 Slde Guards A single or double lane inflatable device must be
equlppd with 'side guards or other means to prevent evacuees fram
accidently missing or falling from the device. The means must provide
protection for an evacuee who crosses the aircraft emergency exit threshold
at a horizontal velocity of approximately 6 feet per second and contacts
the dev1ce mstalled at its steepest design angle.

: 4.20 Emergency Knife Iocation. If an emergency knife is provided, it
must be so installed that it cannot injure persons using the evacuation
dev1ce in a norrnal manner .

4 .21 Self —illuminated Slides.

; , D4, 21 1 Self illuminated slides must be designed so the
111um1nat10n means is activated automatically during deployment or
1nf1atlon and the level of illumination meets the appropriate requirements
in FAR § 25. 812 (14 CFR 25.812) in effect on May 1, 1972,

4, 21 2 The 111um1nat1ng means must not interfere with the safe
evacuatlon of persons using the slide in a normal manner.

: 4.22- Wind. The device must have the capability, in 25-knot winds ;i
directed from the most critical angle, to deploy and, with the assistance !
of only one person, to remain usable after full deployment to evacuate
occupants: safely to the ground.

4.23% Device Surface.

4.23.1 The device surface, including its coating, must be
su:.table and safe for use in any weather condition, including a rainfall of
l inch per hour

: . 4. 23 2 BEach device slldJ.ng lare, including its ooatlng, mast
pr0v1de safe and rapid evacuation without detrimental errosion or
deterloratlon for at least 200 adult persons without any rework of the
surface. :

‘ 4 24 Dev1ce Performance. To ensure that the device performs its
1ntended functlon » at least fiwe consecutive deployment and erection tests
must be déﬁmnstrated without failure. (NOTE: FAR § 25.809 (14 CFR 25.809)
contams requlrements pertaining to the installation of the device on the
alrcraft Whlch may be taken into consideration along with the requirements
1n thlS TSO y

i
4 25f Preésure Retention. BAn inflatable device must be designed to be

eapable of maintaining adequate pressure to acoompllsh satisfactorily its
mtended functlon throughout an emergency evacuation in which—

I »4 25; l The device is installed at its critical angle (with
respect to bucli.ng)

uimber an R ine Type “Pa
e mEND e NUMDEr G € below.

Page 7

DIRECTIVE TYBING G QLQQE-——ODW@E‘

Fas FORM 1320-10 {TE-BTIVISE PREVIOUS EDITION




TYPE OGN ONRE SIOE OF FAGE CRLY

T50-C69b 8/17/88

__Appendix 1 ) l

! 4:25.2 The device is inflated by the vessel designed for that

purpose the | 1n1t1al pressure of which is at the minimmm of its design
range, ‘ .

ﬁ . 4 25 3 The pressure relief valve(s), if installed, is
unrestrlcted and

t 4l 25 4 At least 200 persons in mo more than 10 separate
de‘monstratlons use each slide lane of the device at an average rate of not
less than one person per second per lane.

4.26 Overpressure Tests.,

! 4 26.1 The device must be shown by test to withstand a pressure
at least 1. 5 times the maximum slide mode operating pressure for at least 5
mmutes—;| WJ.tt}out sustaining damage.

' 4 26.2 At least one specimen of the inflatable device model
must be ShoWn by test to withstand a pressure at least 2 times the maximm

slide rrode operatmg pressure without failure. Devices so tested must be
: clearly 1dent1fled

4 s27 Leakage. In both the evacuation slide configuration and
flotatlon device configuration required by paragraph 4.10, under static
OOl'ldlthl’lS dnd when inflated and stabilized at the nomlnal slide mode
operatlng pressure, the pressure in each inflatable chamber must not fall
below 50% of the nominal operating pressure in less than 12 hours.

5. Materlal Tests. The material tests required in paragraph 3.0 (Part I)
of this standard must be conducted in accordance with the following test
method or other approved equivalent methods:

; Test Method

Federal Test

E — -

Teér Strength(Trapezoid Test)
Strength (Tongue Test)

Ply Adhe510n
Coat Adhes 1on

i !
| | !

E ; Method Stardard No. 191a Other Test
'Ie'sts Requifed dated July 20, 1978 Method
Accelerated Age Method 5850 Per Note (1)
Tensile’ Strength {Grab Test) Method 5100 Per Note (9)

Method 5136 (4)

Method 5134 (Alternate to Trapezoid Test.
See 3.,1.4.1)

Method 5960

Method 5970

Per Note (3)

Tvpe Fage’ ang page

nurnber o0 fine below
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- Test Method (Continued)

Permeability Method 5460 (4) Per Note (5)
Seam Shear Strength Per Note (2)
- Seam Peel Strength Method 5960 . Per Note (3)
- Puncture Strength ' Per Note (6)
Hydrolysis Cénditioning Per Note (7)
Porosity Test (Hydrolysis) , Per Note (8)
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(1) samples for the accelerated aging tests must be exposed to a
temperature of 158 + 5 degrees F for not less than 168 hours. After
exposure, the samples must be allowed to cool to 70 + 2 degrees F for
neither -less :than 16 hours nor more than 96 hours before determing their
physical properties in accordance with 3.1 (Part I) of this standard.

(2) Each sample shall consist of two strips 2 inches maximum width by
5 inches maximum length bonded together with an overlap 3/4 inches maximum. !
The free ends must be placed in the testing machine described in Method
5100 and separated at a rate of 12 + 0.5 inches per mimte. The average
value of two samples must be reported. Samples may be multilayered as
required to provide adequate strength to ensure against premature material
failure. Samples may be gripped across full two inches of width.

' (3) Separation rate must be 2.0 to 2.5 inches per minute., Sample
“width shall be one inch.

(4); Federal Test Method Standard No. 191 in effect December 31, 1968,

5 , (5). ASTM Method D1434-82, Procedure V, approved July 30, 1982, is an
i acceptable alternate method. .
I i : ‘

. (6)] The fabric shall be tested in a specimen holder constructed in
accordance with Figure 1. The fabric shall be clamped tightly in the
! specimen holder to present a wrinkle-free surface and prevent slippage
jduring the test. A piercing instrument with its end conforming to Figure 1
shall be forced against the fabric at approximately the center of the area
enclosed by the specimen holder. The force required to puncture the
specimen; shall not be less than the specified 67 pounds. The test shall be
run using a crosshead speed of 12 inches per minute.

. (7)% Fach sample shall be exposed to a temperature of 58 + 2 degrees C
and a relative humidity of 95 + 4 percent for a period of 50 days.
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f . (8) Pc!)rosity testing conducted for hydrolysis resistance shall be

: conducted with the test apparatus specified in Appendix 2, or an equivalent
. test méthod approved by an aircraft certification office. Note Section 3

: of Appexﬂlx!Z for specimen size and mounting information (3.1, 3.7). Tests
5 should ‘be cronducted at slide nocminal oepratmg pressure for a duration of

: 30 mmutes.; Porosity is indicated by a loss in chamber pressure during

: testlng Pressure loss for material specimens after hydrolysis
corxiltlomng shall not be greater than the pressure loss for the material

. . before .cx)ndlltlonmg

; i _
: (9) Use of pneumatic grips for holding test samples is an acceptable
alternate to the mechanical grips described in Method 5100.
i L
i (10) The sample shall be prepared using the adhesive and construction
méthods used to mamifacture the evaciation slide. Separation rate must be
21 0 to 2.5 Pnches per minute.

l i
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Part IIi: Irijflatable Emergency Evacuation Slide/Raft Combinations '_

1. Purpose. Part II of this standard provides the minimum performance
standards for inflatable emergency evacuation slide/raft cambinations.
(Note: FAR P;art 25 contains additional requirements pertaining to
inflatable emergency evacuation and flotation devices as installed on the i
aircraft which may be taken into consideration along with the requirements
in: this TS0.)

2. Scope. . Part II of this standard provides for evacuation slides that
are designed to be used also as liferafts.

3. Materidls and Workmanship. The materials and workmanship of the
slide/raft cambination device must meet the requirements contained in
paragraph 3 I0 and 5.0 of Part I of this TSO. In addition, materials used
in the const_ructlon of flotation chambers and decks must be capable of
w1thstandlng the detrimental effects of exposure to fue_ls, cils, and
hydraullc flu1ds.

3. l Canopx. Fabrics used for this purpose must be waterproof and !
remstant to sun penetration, must not affect the potablllty of collected i
water, 'and must meet the following minimum requirements in the applicable
tests prescnbed in paragraph 5.0 (Part I) of this standard, except that in
lieu of meetlng the tensile strength requirements, a fabrlcated canopy may
be dem:nstrated to withstand 35-knot winds and 52-knot qusts:

Ten51le Strength {(Grab Test)
Warp 75 pounds/inch
Fill 75 pounds/lnch

Tear Strength
Trapezoid Test: 4 x 4 pounds/inch; or
Tongue Test* 4 x 4 pounds/inch

Goat Adhesu?n of Coated Fabrics
3i5 pounds/mch width at 70 + 2 degrees F at a separation rate of 2.0 to
2.5 1nches/m1nute .

4. Demgn'and Construction. The requirements of this paragraph 4 0 are
appllcable to the slide/raft combination device in the raft mode.
addltlon, the device must meet the design and construction requlrements of
paragraph 4 0 of Part I of this TSO.

; i

: 4.1 Ca@c;.tz. The rated and overload capacities of a slide/raft
olmbination! for the raft mode must be based on not less than the following
usable . sutt:,ng areas on the deck of the raft:

Fove Typimy
o

i : : Lies el
Rated Gapacity : 3.6 ft2/person
Overload Capacity 2.4 ft2/person
: i
]
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4 l l Capac1ty . Alternate Rating Methods. 1In lieu of the rated

capacity as determined by paragraph 4.1 (Part 11) of this stardard, one of
the following methods may be used:

4.1.1.1 The rated capacity of a slide/raft combination

: for the raft mode may be determined by the mmber of occupant seating

spaces which can be accamodated within the occupiable area exclusive of
the perimeter ‘structure (such as buoyancy tubes) without overlapping of the
occupant seating spaces. The occupant seatmg spaces may not be less than

the following 'size (or an equivalent size approved by an aircraft
certlflcatlon office).

39.4 inches

14 .7 inches 7.2 inches

4.1.1.2 The rated capacity of the slide/raft may be
determined on the basis of a controlled pool or fresh water demonstration
which: includes conditions prescribed under paragraph 5.3.1 (Part II) of
this standard and the following:’

4.1.1.2. l The sitting area on the slide/raft
deck may not be less than 3.0 feet /person.

4.1.1.2.2 At least 30 percent but no more than
50 percent of the participants must be female.

4.1.1.2.3 Except as provided below, all
part1c1pants must select their sitting space without outside placement
assistance. A slide/raft commander, acting in the capacity of a
brewrmbet’ may direct occupant seating to the extent necessary to achieve
reasonablé welbhrt dlstrlbutlon within the slide/raft.

i i : !
| ' 4.1.1.2.4 All participants must not have
practlced rehearsed or have had the demonstration procedures described to

them within the past 6 months.

4.2 :BLIOX‘ CY .

; 4.2, i Buoyancy must be provided by two independent buoyancy
tubes ‘each of Whlch, including the slide/raft floor, must be capable of
supportlng the|rated and overload capacities in fresh water if the other
tube is deflatéd

1
i
H
i
!

!
i
]

%ii
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4 2 2 It must be shown by tests in fresh water that the [
slide/raft loaded to rated capacity and using an average weight of at least
170 pounds per person has a freeboard of at least —

! i 4.2.2.1 Twelve inches with both flotation tubes at
mlmmum raft mode operating pressure; and
‘ § 4.2.2.2 Six inches with the critical flotation tube
deflated and the remaining flotation tube at minimum raft mode operating
pressure. In lieu of meeting the 6-inch freeboard requirement of this
paragraph, the buoyancy provided by the tubes only (disregarding buoyancy
derlved from the floor and inflatable floor support) must be capable of |

supportlng the rated capacity based on an average weight of at least 200
pounds ;per pe_rson

! 4 ]2 3 It must be shown by tests in fresh water that the

sllde/raft loaded to its overload capacity and using an average weight of
at least 170 pounds per person has a measurable freeboard with the critical
flotatilon tube deflated. Ballast in the form of sand bags or equivalent
nay be used lto achieve the 170 pound average, provided the appropriate
weight distyibution within the slide/raft is maintained.

, 4.3 Inflation Time. In addition to meeting the slide inflation
requlrements in paragraph 4.14 (Part I) of this standard, if there is a
transition from slide mode to raft mode, the transition time must not be
more than 10 seconds after actuation of the oonversion means.

4 .4 Canogz. A canopy must be packed with or attached to the
sl:.de/raft " The erected cancpy must be capable of withstanding 35-knot
winds and 52-—knot gusts in open water. The canopy must provide adequate
heéadroam and must have provision for openings 180 degrees apart. ' Means
must be prOV1ded to make the openings weathertight. If the canopy is mot
1r11tegral with the raft, it must be capable of being erected by occupants
following ocbnsplcuously posted, simple instructions. It must be capable of
being erected by one occupant of an ctherwise empty slide/raft and by
occupants of a slide/raft filled to rated capacity.

. 4. 5 Capsme Resistance. There must be water pockets or other means
| to provide ¢apsize resistance for an empty or lightly loaded raft.
i :

. 4.6 1ghting. Unless it is shown that there is no tendency for the
slide/raft to become inverted during loading and release from the aircraft,
the sllde/raft must be capable of being righted by a person in the water
unless the sllde/raft while inverted provides accessible mamal inflation
va.lves -and équlprnent boarding aids, and flotation for its rated capacity.

H §
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;4. 7 Ll:fellne A nonrotting lifeline of contrastlng oolor and at
least 3/8-inch diameter or 3/4-inch width must be provided along the sides
and at least:80 percent of the outside periphery of the slide/raft so that

‘it gan be easﬂy grasped by persons in the water. The lifeline and its
; attac}rnents must be capable of withstanding a minimum load of 500 pounds
. ard lmust not . interfere with the slide/raft inflation during either the

» slide or raft mode of operation.

Z 4 8 Boardlng Aids. Boarding aids must be provided at two opposing
positions onithe slide/raft. Boarding aids must permit unassisted entry

; from thé water into the unoccupied raft and must not at any time impair

either the rigidity or the inflation characteristics of the raft.
Puncturlng of inflatable boarding aids must not affect the buoyancy of the-
raft buoyancy chambers. Boarding handles and/or stirrups used in

+ conjunction with the boarding aids must withstand a pull of 50 pounds.

| 4.9 Heaving-trailing Line. At least one floating heaving-trailing

. line not less than 75 feet in length and at least 250 pounds strength must

be located on the main flotation tube near the sea anchor attachment. The

. attach point of the line must withstand a pull of not less than 1.5 times
- the line rated strength without damage to the slide/raft.

4.10 Mooring Line. A nonrotting mporing line at least 20 feet in
length must be attached at one end to the slide/raft. The mooring line

- must be capable of keeping the slide/raft, loaded to maximum rated
; capac1ty, attached to a floating aircraft, and not endanger the slide/raft
- or cause the slide/raft to spill occupants if the aircraft sinks. The line

may be equlpped with a mechanical release linkage. The breaking strength
of the line must be at least 500 pounds, or 40 times the rated capacity of
the sllde/raft whichever is greater, but need rot exceed 1,000 pounds.

- ll Inflatlon System. 1In addition to meeting the requirements of
paragraph 4, l7 (Part I) of this standard, the inflation system must be
arranged SO that failure of one 1nflatab1e chamber or manifold will not
result in loss of gas from the other chambers. The inflation equipment
must be llocat:ed so as not to interfere with boarding operations.

: 4 1[2 Color. Except surfaces which have been treated for the purpose
of re.flectmg radiant heat, the color of the slide/raft surfaces, including
the canopy surface, visible from the air must be an International
Orange—Yellow or an equivalent high visibility color.

:4.l|3 Saa Anchor. A sea anchor, or anchors, or other equivalent means
must! be provided to maintain the raft, with rated capacity and canopy
mstall , onl a substantially constant heading relative to the wind and
havel the abllllty to reduce the drift to 2 knots in 17 to 27-knot winds.
Unlebs analysrs and/or test data substantiating the adequacy of a lower
breaklng strengt_h is approved by the manager of the FAA office to which
th].s[ TSO data' is to be submitted as required in paragraph (c), Data
Requ1r<—:‘mta.nts,i the line securing a sea anchor to the slide/raft must have a
!:n:eaa]ungl strength of 500 pounds or 40 pounds time the rated capacity of the
raft,, wh[a.chevter is greater. The attachment of the line to the raft
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must bé capdble of withstanding a load of 1.5 times the line-rated stxength
without damsging the raft. The line must be at least 25 feet in length and
m11¥st beé protected to prevent it from being cut inadvertently by raft
occupants. | '

4.{14 Emergency Inflation. Means readily accessible to occupants of
the sli;de/raft, and having a displacement of at least 32 cubic inches per
full stroke, must be provided to manually inflate and maintain chambers at
raft mc}de minimum operating pressure. Mamual inflation valves, with a
nonreturn opening adequate for the size and capacity of the inflation
me;aans, ‘must' be located to permit inflation of all chambers. The inflation
means and valves must have provisions to prevent inadvertent removal and
loss when either stowed or in use.

| i i .

| 4,15 Knife. A hook-type knife secured by a retaining line must be
sheathed and attached to the slide/raft adjacent to the point of mooring
line attachrent.

i i

4;16 Placards. Suitable placarding must be provided in contrasting
oolorsz in waterproof paint which is not detrimental to the fabric, that

denotes use and location of the inflation systems, raft equipment, boarding
a}ids, ;—md rgighting aids. The letters used for such placarding must be at
least 2 inches, high except the details and miscellanecus instructions may
bt of smaller lettering. Applicable placarding must take into account

p%arson@s boarding or righting the raft from the water.

| 4%.17 %Lights. One or more survivor locator lights must be provided

that are approved under TSO-C85. The lights must be auntomatically
a'ttiva:ted ypon slide/raft inflation in the water, and visible fram any
d;irect?ion by persons in the water.

: 4.18 [Release from Aircraft. Release of the slide/raft from an
aJircrafft, whether by automatic or mamal means, must not be restrictad by
the criticdl conditions of: (a) floor sill height above the water, (b)
wind velocity and direction, or (c) occupant load. Devices having aircraft
mounted inflation systems must have means for quick detachment from the
ilnflaﬁ;ion system so that separation cannot cause loss of raft buoyancy.
yisconnect means must be readily apparent, capable of being operated by
3ntrai5ned persons, and covered until ready for use.

{

1{ 4.19 Actuation Means. If the device as a slide requires an
additional joperation to make it usable as a raft, the means for initiating
the additional operation must be designed to preclude inadvertent actuation

I%uut be readily available for use. If a pull motion is used, the force
J{equired must not be more than 35 pounds.

: 4.20 Hardware and Attaching Means. All hardware, all connecting
means - {including webbing and straps) used in attaching the raft to the
aircraft, and all straps, grips and handhold members not associated with
dircraft attachments must have a strength not less than 1.5 times the

highest design load imposed in establishing the rated capacity under

ﬂ)arag‘faph 4.1 (Part II) of this standard.
| .
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4,21 Rafwt Sea Performance. The slide/raft must meet the
seamrthmess requirements in 5.3.2 (Part IT) and must be capable with its
equlpment of mthstandmg a saltwater marine environment for a period of at
least' 15 days.'

5. r’l‘estgs ;

; 5 1 Pressure Retention. Under static conditions and when inflated
and stablllzed at the nominal operating pressure, the pressure in each
:Lnflatablé chamber must not fall below the minimum raft mode operating
pressure in less than 24 hours. The minimum raft mode operating pressure
is the pressure required to meet the minimum design buoyancy requirements
pf paragraph 4l 2 (Part II) of this standard.

i : '

; 5.2 i Over?pressure ‘Tests.

; i 5 2. Ll The device must be shown by test to withstand a pressure
at least 1 5 times the maximum raft mode operating pressure for at least 5
mmutes w,lthout sustaining damage.

' 5.2, 2 At least one specimen of the inflatable device model must
be shown by test to withstand a pressure at least 2 times the maximum raft
mode operatlng pressure w1thout failure. Devices so tested must be clearly
1dent1f1ed
i :
i 5 3 | Functional Tests. Each slide/raft model must pass the following !
;testsa- | é ‘
-? & i
} i 5.3. 11 Water Tests. In either a controlled pool or fresh water,
the sllde/raft carbination capacity and buoyancy must be demonstrated as
follows: 5 :

| ’ . 5.3.1.1 Both rated and overload capacities established in
l.acoortfla\nc‘e with the requirements of paragraph 4.1 (Part II) of this
standard must be demonstrated with inflation tubes at minimum raft mode
bperatlng pressure and with the critical buoyancy chamber deflated. The
a:esultanb free\board in each case must meet the requirements of

paragraph‘ 4.2 ;(Part I1) of this standard.
i l .

‘ i ; 5.3.1.2 Persons used in the demonstration must have an
Laverage welght‘ of not less than 170 pounds. Ballast in the form of sand
bags or equivalent may be used to achieve proper 1oad1ng provided the
appropriate we?ght distribution within the slide/raft is maintained.

| 5.3.1.3 Persons used in the demonstration must wear life
reservers witlh at least one chamber inflated.

Lo

e 1 ot | " i 5.3.1.4 The required raft equipment, including one

emergency 1ocator transmitter or a weight simulating a transmitter, must be
aboard the raft '

b |
! I }

. ; i

| |
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;- 5.3.2 Sea Trials.

1

ballasﬁ

i

3111 1nstallat10n

i i ;
: 1
{

%

| |
i ! 5.3.2.5

i

i
]

5.3.1.6 It must be demonstrated that the boarding aids
are adequate for the purpose intended and that it is possible for an adult
wearmg an 1nflated life preserver to board the raft unassisted.

The slide/raft must be demonstrated by tests
or analySJ.s or a canbination of both, to be seaworthy in an open sea
condition of 17 to 27-knot winds and waves of 6 to 10 feet.
in the form of sand bags or equivalent may be used to achiewe
proper %loadmg provided the appropriate weight distribution within the
sllde/raft is maintained. If analysis is used, the analysis must be
approved by the managex of the FAA office to which the TSO data is to be
submitted as required in paragraph {(c), Data Requirements.
seamrthlness demonstration, the following apply —

| 5.3.2.1 The raft must be boarded by the rated rumber of
OCCupaﬁts to demonstrate the method of loading from a simulated aircraft

5.3.2.2 The proper functioning of the means to separate
the raft frem the simulated aircraft installation must be demonstrated.

i ) 5.3.2.3 All reaquired equipment must be aboard and the !
proper functlonmg of each item of equipment must be damonstrated. i

% 5.3.2.4 'The canopy must be erected for a sufficient time
té assess 1ts resistance to tearing and the protection it affords.
method of erectlon must be shown to be accamplished by one occupant of an
otherw1se empty raft, and by occupants of a raft filled to rated capac1ty.

The stablllty of the raft must be demonstrated
when occupled at normal rated capacity and at 50 percent rated capacity.

5.3.1.5 Unless it is shown that there is no tendency for
the sllde/raft to become inverted during loading and release from the !
aircratt, J.t must be demonstrated that the device is self-righting or can
be righted by one person in water, or while inverted can be boarded and E
prov1de flotatlon for the normal rated capacity. :

In tests,

For this
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APPENDD( 2 RADIANT HEAT TESTING OF MATERTAL IN INFLATABIE FMERGENCY
: - EVACUATION SLIDES, RAMPS, AND SLIDE/RAFT QUMBINATIONS

3;1. .Test Requirements. The pressure holding materials in the emergency
evacaatlon inflatable deVJ.oe, the failure of which reduces the
effectlveness‘ of the device in the emergency evacuation mode, must be

i tested for resistance to radiant heat in accordance with this standard. If
‘any of the oui:er surface of the pressure holding material is altered by
marklng, by letterlng, by affixed overlay material, or in any other manner
.which affects; radiant heat resistance, the altered material must be tested
also. The tests must be conducted using the FAA Slide Material Radiant

| Heat ' Apparatus, or another equivalent test apparatus and test method
%approved by the manager of the FAA office to which this TSO data is to be
submitted as reqm_red in paragraph (c), Data Requirements. For each
material which requires testing, at least three specimens must be tested at
1.5 Btu/ftz—sec, and the resulting times to failure averaged. The average
'time ' to failure may not be less than 90 seconds. Time to failure is the
 time between flrst application of heat to the specimen and first drop in
pressure below the maximum pressure attained in the test cylinder during
the test. 5

?2. Mat . The FAA Slide Material Radiant Heat Apparatus consists of
‘a honzontally mounted cylinder closed at one end and fitted with a source
{of air pressure and pressure measurement. A specimen holder clamped over

| the open end seals the cylinder air tight with the material specimen acting
as a pressure holding diaphram. The cylinder and specimen holder are '
: mounted on a pivot and slide bar, and can be positioned at varying
‘distances from a 3-inch diameter electric radiant heat furnace and a
calorlme{:er Details of the test apparatus are described in Figure 1
through 4 and| paragraphs 2.1 through 2.6, below.

2. l The!pressure cylinder and specimen holder as shown in Figures 1,
12, and 3iconsist of a 7-inch outside diameter (0.D.) by 6 1/2-inch inside
dmneter (I.D.) by 12 3/8-inch long aluminum tube. On one end of the tube
is welded a l/2—-—1nch thick aluminum plate, drilled and tapped for a 1/4
inch {American|national pipe taper thread to facilitate air pressure and
presé_ure recordmg hookups. On the other end of the tube is welded a
7-inch OiD, by 5 1/2~inch I1.D. ring of 1/2-inch thick aluminum. This ring
is drllled and tapped for 10-32 by 7/8 - inch long studs. Another 6 3/4-
inch !0.D: by 5 1/2-inch I.D. by 1/2 inch thick aluminum ring and two
ineoprene rubbér gaskets with matching clearance holes to fit over the studs
provide a means for clamping and sealing the test specimen in place.
nges and adjustable stops are welded to the sides of the cylinder, shodn
in Flgurés 1, ,2 and 3.

, § 2 2 An electnc furnace, Figure 4, with a 3-inch diameter opening is
: Lines Lt ——= used 1o provu?e a constant irradiance on the specimen surface. The

| Natlonal Bureau of Standards smoke chamber radiant heat furnace, available
] from Superpressure Inc., 8030 Georgia Averue, Silver Spring, Maryland
120910, ig recdmmended.
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| 2? 3 A 0-5 Btu/ft2-sec HBy—Cal calorimeter, Model C—l300—A, avallable
fram Hy-Cal Engmeerlng, 12105 Los Nietos Road, Sante Fe Springs,
Callforma 90670, is used. 'The caloruneter is mounted in a 4 1/2-inch
dlameter by 3/4-inch insulating block and is hinged to one of the sliding
bars of the framework. The surface of the calorimeter is flush with the
stlrfaoe of the insulating block and centered with the furnace. See
Flgure 3.

i 2’ 4 The pressure cylinder, calorimeter, and furnace are mounted on a
franemrk as detailed in Figure 3. Adjustable sliding stops are located on
each of the bars for settmg the cylinder and calorimeter at the desired
d;stance from the opening of the furnace.

E 2I 5 Compressed air is connected to the cylinder through a needle
valve attached to the end of the framework. A tee on the outlet side of
the valve prov1des for a 0-5 psig pressure gage, transducer, and flexible
tpbe sup ly air to the rear plate of the pressure cylinder, as shown in
Figure. 1.

: 1

2‘ 6 The outputs of the calorimeter and pressure transducer are
measured and recorded using a recording potentiometer or other suitable
1nst.r1ﬁnent fcapable of measurement over the range required.

1

ke Acceptable Test Procedure for FAA Apparatus.

‘ 3» 1 Test specimens 7 inches (178mm) in diameter with 1/4-inch (6émm)
holes puched in the material to match the studs in the pressure cylinder

must be cut from the material to be tested.
l

| 3.2 Test specimens must be conditioned at 70 + 3 degrees F and
0 + 5 percent relative humidity for at least 24 hours prior to testing.

i 3.3 P.l«ll tests must be oonducted in a draft free rocm or enclosed

space. |
| ]

1

: 1 3.4 Af.ter turning on the radiant heat furnace and other required
mst.rwnentatlm, allow 1/2 to 3/4 hour to stabilize heat output and for
1nstrumentat10n warmap.

: 3.5 Adjust transformer to produce a radiant heat flux of 2
Btu/ftz—sec, when the calorimeter is positioned 1 1/2 inches (38mm) in
firont of the radiant heat furnace.

I

| 3 6 F:md the location in front of the furnace for the test heat flux
of 1. 5 Btu/ft -sec, by sliding the calorimeter on the horizontal bar and
f1x1ng the pos:.tlon with the sliding stop. Swing the Calorimeter out of
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¢ 3. 7 Mount the specimen on the open end of the cylinder with a
neoprene gasket on each side of the specimen, with the reflective surface
of the materlal facing the furnace. Place the aluminum ring on the studs
and | tlghten the nmuts -so that an airtight seal is made.

% 3. 8 Pressurlze the cyllnder to the slide naminal operating pressure.
Check for leakage.

§ 3. 9 Check the distance from the radiant heat furnace to the surface
of the test epec1nmn.' This distance is the .same as the distance to the
surface of the calorimeter,
% 3. iO Place the calorimeter in front of the radiant heat furnace and
record the heat flux. An accepable heat flux is 1.5 Btu/ft%-sec. Remove

| calorlmeter.é

: radiant?heatéfurnace. Start timer or note starting time on the recorder.

: 3.11 Place'the pressure cylinder and test specimen in front of the

| 3.12 Pressure is monitored from the time the specimen is placed in

; front of the furnace until initial pressure loss is cbserved.
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